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APPENDIX A

ELECTRICITY PRICE

This appendix shows the electricity price rates
for households based on the announcement of rates by the

Metropolitan Power Board which was effective from

st

17" August 1981.

Households Electricity Price Rate per kWh

Kilowatt-hour Price Rate ( Baht )/kWh

i 1-5 5.00

: ( for first five unit)
6-15 0.70
16-25 0.90
26-35 1.17
36-100 1.79
101-150 | 1.89
151-300 i 1.97
301-400 2.03
401~ 2.10




APPENDIX B

HMATHENMATICAL DESCRIPTION

This appendix lists the mathematical equations for each
_system component. Generally any consistent system of units can be

used, except where specified otherwise.

Pressure Relief Valve

Let
Tmax :. boiling point of the liquid at maximum allowable
pressure P
T1, T2 : inlet and outlet temperatures, respectively
ﬁ1, ﬁz : inlet and outlet mass flow rates, respectively
Cp : heat capacity of the ligquid
édiscard: rate of energy discarded due to boiling

lesco rd

!

Pressure Relief Valve

. (Tmax) |
Ml — — M2 T2

FIGURE B.I-1 PRESSURE RELIEF VALVE
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If T1-é T or M, = 0, then
i,
T2 = T1
Qdiscard =0
1f T1 > Tmax and I:I_‘ > 0, then
Mz = M,
. TZ = Tmax
Qdiscard = M1Cp( T1 - Tmax )

On/off Auxiliary Heater

Let
Tset : the temperature desired of the flowstream
émax : the maximum heat delivery rate of the auxiliary heater
éaux : the rate of auxiliary heat actually supplied

(13¢1v°rnax)

M. T ){ ﬂ

Qaux

FIGURE B.2.] ON/OF AUXILIARY HEATER

v

Mo: To

If M. =0or T. =T , then
i 1 set
M =M
() i
T =T
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Qaux =0
Otherwise,
M =M
o
it Qmax > Micp( Tset - Ti ) To = Tset
Qaux = MiCp( Tset - T )
or,
}10 = Ml o
Q
< - ®
1t Qmax icp( Tset Tl ) M.C
iPp
Qaux = Qmax
Stratified Liguid Storage Tank
. Let
Mi : mass of liquid in segment i
Ti : temperature of liquid in segment i
Tenv : temperature of tank surroundings
UAi : product of overall heat transfer coefficient and tank
surface area for segment 1
N : number of egual volume, fully mixed (uniform

temperature) tank segments

o

Q rate of heat loss to the tamk surroundings
loss



From

collector

To
collector

o T M
. e 10 |0ad

$
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M .T'

> Service hot water

4

2 Tp My (UAD)

poome s ameme e — e

o SSmme o emae G sewess  Swese  Gees | et

pos comae owem  mme mmm— mme e e == o

N Tt Myt (VAN

N Ty My (UAY)

» T

My, Th

M"Tl

!

env

From load
Ms: T crom water supply

FIGURE B.3.1 STRATIFIED LIQUID STORAGE TANK
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1) N = 1 (No stratification)

1 L ]
X — - \ - - ! N -
H,]Cp 5 = 1hC ( T, - T, ) + MIC ( Ty T, ) + IISCP( T T, )

- UA‘I( Ty - Tenv )

2) N =2 (Temperature stratification)

dT o * L ] L J
1
M1Cp at MthTh - MleT1 - MstT1 N tHnetcpTZ
-(1-%) }InethT1 -UA, (T, =T o )
dTN .
HNCP T - Mlc T + M C T th T UMnethTN
+ (1 -0 )M C Ty~ OAG( Ty = T o)
For N=3 and 2 =i < N-1,
dTi . . e
Micp at - - Hnet p i + EMnethTi+1 + (1 -%) MnethTi-1

where

Mnet 'Ml * Ms - Mhl
1 if ;‘1"’.453;’11

O otherwise

For all values of N,

. N

Uoss = EigA (T = Teny )
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Flow Diverter

Let

¥ : an input control function ( O £ ¥ £ 1 )

/ Ty Mp= C1-T) M

*i' Ti — |

\ TZ' MZ- T My

FIGURE B.4.] FLOW DIVERTER

For 0 £§ £ 1,

1 27 71
M= (1 - 7()1'1i
MZ = ‘{Ml
Flow Mixer
M Ty \\

My, T, F

FIGURE B.5.1 FLOW MIXER
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1 27
W e
T, = ( ;«11'1 B l.'lzTZ ) / fzo
Otherwise,
ﬁ1 = QZ = HO =0

"and To can be set at an arbitrary value, such as ( T, + T2 ) /2

Pump and Fan

Let
M : maximum mass flow rate
max
B : input control fumction ( 0= § = 1)

( Mmay)

a.‘Ov To

FIGURE B.6.1 PUMP AND FAN

Mo = 6Mma1
T = T
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Absorption Air-Conditioner

Let
éinput : rate of input emergy required for space cooling
écool rate of heat removal by space cooling
éreject rate of heat rejection to the atmosphere by the cooling
tower
ﬁi’ ﬁo : inlet and outlet hot water mass flow rates, recspectively
T1’ To : inlet and outlet hot water temperatures, respectively
Tcon : cooling water inlet temperature
¥ : control function ( ¥ = O or 1)
émax s maximum mass flow rate of hot water pump
éref : nominal input energy requirement rate
( éref = 52,750 kJ/hr for a 3-tom umnit )
.cap : nominal cooling capacity
( écap = 37,980 kJ/hr for a 3-ton unit )
Cp : heat capacity of hot water
wa : ambient wet bulb temperature

1f §¥= 0 ( air-conditioner is off ), then

Qinput = Qcool = Qreject =
M. =M =0
i o
T =T,
o i

If ¥= 1 ( air-conditiomer is on ), then

MO = Hi = KMmax-



oreject

i

Cooling Teon = Twb
Tower
M.,T;.%
Q input tsorption Qeool
— Air- <l
Conditioner

FIGURE B.7.1

. L.

°0T° TCOﬂ

ABSORPTION AIR-CONDITIONER

+ 5.5 °C

151



NORMALIZED DELIVERED CAPACITY
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COOLING CAPACITY DATA

1.2

.1 B

1.0

09

0.8 |

0.7

0.6 |+

ARKLA SOLAIRE 36
MODEL WF 36

05|

| NORMALLZED UNIT = 33,000':%’

] i 1 | { Jd
0.1 |4 1

165 170 175 180 185 190 195 200 205

HOT WATER INLET TEMP. (°F)

FIGURE B.7.2 NORMALIZED COOQOLING CAPACITY
FUNCTION, f,



NORMALIZED ENERGY INPUT

1.3
- ARKLA SOLAIRE 36
< r MODEL WF 36
bl =
1.0
09
0.8
0.7 +
0.6
os | T .oy CONDENSER
WATER INLET
0.4 | TEMPERA TURE
| NORMALIZED UNIT = 50,000 BTU/HR
003 =
/
7/
]{/ ) §
0.2 1 1 i) 1 1

ENERGY INPUT REQUIRED

65 170 175 180 185 190 195 200 205
HOT WATER INLET TEMF!(f’,F)

FIGURE B-7-3 NORMALIZED INPUT ENERGY

REQUIREMENT RATE FUNCTION, f2



COOLING EFFICIENCY
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COOLING EFFICIENCY

0.8

0.7

0.6 }
ARKLA SOLAIRE 36
MOI_)EL WF 36

o5 |

O 4 i 1 1 | 1 L L e

165 170 175 180 185 190 195 200 205

HOT.WATER_INLET. TEMP. (°F)

FIGURE B.7.4 EFFICIENCY OF ARKLA WF 38
THREE-TON UNIT
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. o
10 if wa + 5.5 € 10°C

: _ . o
Tcon = <40 if wa + 5.5 > LoC
wa + 5.5 elsewhere
Qcool = Qcap’ f1( Ti’ Teon )
f1( Ti’ Tcon ) = normalized cooling capacity, as shown in

. FIGURE B.7.2 ( £, 2 o)

£,( T., T )

. (<)
con 0] 1fTi<77C

Qinput = Qres* f2( Ti’ Tcon )
fa( T.» T.on ) = normalized input energy reguirement rate

as shown in FIGURE B.7.3 ( f, > 0.1 if ¥T=1)

f?_( T,y T )

o
con 0.1 if T, L 77°C

=Q

Qreject cool ¥ Qinput
Q
T =T, - input
o i .
M.C
1D

Multi-Stage Room Thermostat

Let Th2> Th1 > T

reference temperatures.

ho> Tco> Tc1> TcZ be thermostat

Let
Ti : inlet hot water temperature
T : room temperature
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Tmin : minimum température of the hot water below which

the absorption air-conditioner must not be operated

6Ao’ KBO’ KCo

: previous values of control functions KA’ ‘6B, ‘{C,

respectively ( §= 0 or 1)

(Tnin)
Multi-Stage Trm
Thermostat
AN
T i,/ T (o \¥p
i I/' 1 N
/' (TCo) ! (IBJ\\
Vg | ;—* =
1 v 3§
On/off | e § o & | Space
e = [ :
Auzx. | <3 © 2 |Heater
I [ [ - I~
Heater b4 8 5 ©
| g i o =
] - x =
- x
) <

N\ '
\
N\
 PR—

!

Flow Diverter

FIGURE B-8.1 ONE COMMON COMBINATION OF AN
AUXILIARY HEATER, AN ABSORPTION
AIR-CONDITIONER AND A SPACE HEATER

In view of numerical stability, the room temperature Trn

should not vary too much, relative to the width of each comtrol
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band in TABLE B.8.1, duriﬁg each integration step.

It should be noted that for the set up shown in FIGURE
B.8.1 q: is also used to control the operation of the flow
diverter so that no hot water will be drawn from or returned to
the storage tank as long as the auxiliary heater is turned on.
Eventhough the thermostat has been designed for ease of use for
.the setup in FIGURE B.8.1, a thorough understanding of its control
mechanism allows it to be applied to other types of setups.

TPABLE B.8.1 Valmes Taken by Thermostat Conmtrol Functioms

Under Various Circumstances

T Ta 13 ¥c
rm
| 4] 1
Tra > Th2 ,
. ’ ’ i 1 ii"-‘& = 1 or
£ £ » 1 o - Co -
b1 rm h2 T.i < Tmi_n
O btherwise ' -
T e
1iITA°=1 VOiA!XA‘s:Oor
T £7T LT 4] .
bo rm h1 I.=0
0if 1, =0 Co
Ao "
- 1 otherwvise
. (o] (o] 0
TCo (_‘l'm LTho )
- - o 1-if YCoz‘ 1 0 if IB°= 0 or
TC‘\ Tr.'m T “Co Y. =0
Co
0 if Tc°= 0 1 otherwise
. . . o . ) 1 if Xcoz 1
£ 4
c2 rm c1 ; =
0 if KCo' o]
0 1 4
Tr- < TCZ
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Solar Radiation Processor

Several relationships are available for estimating the

fraction of diffuse radiation from the total solar radiation on

a horizontal surface. They are:

diffuse

(2]

1. Liu and Jordan's Relationship:

This relationship was based on their study of daily

(28)

and daily total solar radiation.

Let

"

diffuse radiatiom flux on a horizontal surface
measured total radiatiomn flux on a horizontal surface
B/E, (0£K £0.75)

extraterrestrial total radiation flux on a horizontal
surface [: b + 0.033 cos(360n/365)}sc cos( eh)J

day of the year ‘

solar constant

angle of incidence of beam radiation on the tilted

surface (°)

1.00L5 + 2.6313K2 3.522?K§ + 0.0b34OK,

T -

beam radiation flux on a horizontal surface



159
2. Boes' Relationship:

The following equations are used to obtain beam and

(29)

diffuse radiation fluxes on a horizontal surface.

2
Hdn - Hdirect normal 1BOOKt - 520 ( Vatts/m™ )

1f 5,_> 1000, E 1000 ( Watts/m> )

d dn
2
If Hdn< o, Hdn =0 ( Watts/m" )
vhere
- A VA

K, = B/Ho (0¢< Ky €1 )
Then

H, = Hy, cos ( eh )

Hd =H - Hb

3. Orgill's Relationship:

The following correlation has been obtained by J.F. Orgill

of University of Waterloo, Ontario, Canada, fromm his analysis of
16)

hourly diffuse radiation on a horizontal surfaceg

1.0 = 0.2491(t if 0 < Kt £ 0.35

K = <1.557 - 1.8bK, if 0.35 £ K, £ 0.75
0.177 if K, > 0.75
Hd = KH
B =H-Hy

In this module, an option is provided to choose one of

the above three relatiomships: option 1 for Liu and Jordan's
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relationship, 2 for Boes', and 3 for Orgill's. Option L is used
vhen the diffuse and beam radiation fluxes on a horizontal
surface are already known.

Let
Rb : the'ratio of beam radiation on a tilted surface to

that on a horizontal surface

.HB : beam radiation flux on the tilted surface
Hb : beam radiation flux on the horizontal surface
R, = cos(et)/cos(ah)
5
= 5
cos(@h) = cos(#) cos(®) cos(w) + sin(P) sin(’)
cos(f,) = cos(S) cos(8) sin(g) - sin(6) cos($) sin(8) cos(¥)

+ cos(8) cos(¥#) cos(S) cos(w)
+ cos(w) cos(8) sin(S) cos(¥) sin(@)
+ cos(8) sin(S) sin(¥) sin(®)
§ = solar declination *)
= 23.45 sin{(284 + n) 360/365]
w = solar hour angle (°)
= 15(12 noon - solar hour of the day)
¢ = latitude (o), positive in the Northern hemisphere
S = angle between the tilted surface and the horizontal
surface (°) (0 £5£90)
¥ = orientation of the horizontal projection of the normal
of the tilted surface, measured from the south and

negative when clockwise (®)
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Let
Rd : the ratio of diffuse radiation flux on a tilted surface
to that on a horizontal surface
HD : diffuse radiation flux on a tilted surface (excluding
ground reflection)
Hd : diffuse radiation flux on a horizontal surface
n - op
d Hd
Let
Rr : the ratio of reflected diffuse radiation on a tilted
surface to the total radiation om a horizontal surface
e : ground reflectance
2 = €(1 - cos(8))/2
r
In short,
Hp = Ry
HDT = Hde + HR
HT = HB + HDT
where

HDT = total diffuse radiation flux omn a tilted surface

ET = total radiation flux on a tilted surface

(19

Following the development of Duffie and Beckman,

solar time (hours) = standard time + E + (Lst + Lloc)/15 +‘As
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Here standardvtime is the local time at which radiation
data are recorded. E is a correction factor (from the equation of
time in hours) that éccounts for the eccentricity of the earth's
orbit and varies between approximately -0.24% hours and +0.26
hours each year. Lst is the standard meridian for the local time
zone and Lloc is the longtitude of the location of interest (in
degrees west). As is a third small correction factor that accounts

for the time shift in the solar radiation data relative to the

nominal value of the time of the reading.

1f the reading is the integrated radiation preceding the

reporting time, As is -0.5 hour.

According to SiebersEBo)

E = -(0.1236sin(x) - 0.004289c0s(x) + 0.1539sin(2x)
+ 0.06078cos(2x)]  (hours)
where
x = 2(n - 1)/365.242 (radians)
n = day of the year (e.g. n = 1 for January 1)

Space Heating and Cooling of a One-Node House

Let
éload : rate of heat transfer from the surroundings into a
house
UA : product of the house overall heat transfer coefficient
and total heat transfer area
T : ambient temperature

amb



Trm : average house temperature

= TA(T -T )

Qload amb rm

Tamb
Qheat

r
) T Qioqq” YA (T Trm
Qeool — s %

FIGURE B. 9.1 SPACE HEATING AND COQLING OF A

ONE-NODE HOUSE

Let

C : total heat capacity of the house

t : time

Qheat : rate of heat input into the house ( sSet Qheat to be
zero if no neat inout device is used.)

Qcool rate of heat removal from the house by a space cooling
device ( Set Q to be ze}o if no such device is

cool

used.)

Then the energy balance for the house becomes

dT o Ld L d
rm

¢ dt = Qload + Qheat - Qcool
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or

dT ®
rm

at (Qload * Qpeat ~ Reool

)/C

Flat-Plate Solar Collector ( Unsteady State Model )

FIGURE B.10.71 shows a typical configuratiom of the flat-
plate solar collector. Generally, the temperature T will be a
function of time and space.
T = P(t,x,57,2)
The complexity of a résulting unsteady-state model can, however,

be greatly reduced by a few preliminary considerations, as

follows:
Let

Tf : fluid temperature
Tp : absorber plate temperature
Tg : glass cover temperature
Td : bottom insulation temperature
We have

Tf = Tf(t,x) ( forced fluid circulation in tubes &

plug-flow )
TP = Tp(t,x) ( a small thickness, good thermal

conductor, width of a segment is small
compared to its length, temperature
gradient is in the flow direction, say,
x-direction )

Tg = Tg(t) ( all of the main heat transfer modes
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THE FLAT-PLATE SODLAR CCLLEICTOR
(2) TCP MEW. (3]} SiDE VIEW,
{z) TRONT VIEW



166

are not directionally specific, the
thermal performance of the collector
is affected very little by the
temperature distribution im its glﬁss
covers )

Ty = Td(t) ( the temperature distribution in the
bottom insulation have no direct effect
on the thermal performance of the
collector, the rate of heat loss through
the insulation and the rate of heat
absorption by the insulation itself can
be eliminated; i.e., the insulatiomn is
treéted as a lumped-parameter system
characterized by an average temperatufe

Td.)

1. Tube Energy Balance:

T,(t,x) T, (83)
v NTOR - 7 B N\ v
4 '\2__ -_‘,ZR L __\_'\:f A 4 £
dx
| I I
P i k
0 x

( rate of heat accumulation ) = ( rate of heat in by conduction )
-( rate of heat out by conductionm )

+( rate of heat transfer through
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tube wall )
+( rate of heat in by convection )

-( rate of heat out by convection )

The energy balance on a tube section of thickness dx in t

the above figure and rearranged is given by

2
3T, 2’1, 2U, BT,
-5 =7 T Te) = PeCsVs 33 ]
(f f 22X P x
where

density of fluid

)
rh

Ce : specific heat of fluid
R : radius. of tube
k.f : thermal conductivity of fluid
Uf H overall heat transfer coefficient between absorber
plate and tube fluid
Ve : flﬁid velocity in the tube
By means of the finite difference method, we replace
2T Ty " Ts,
£ b i+1 i-1
2% y 2Ax
and
9T¢ 1
— by -5 (Tf - 2T, + Tf )
2x Ax i+ “i i-1

where Tf is the value of '1‘f at mesh point i.
i
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Ax = L/(n+1)

e

. -,

x =20 x =1
Then the above eguation becomes, for 1 £ i £ n,
dei 1 {kf ZUf
= (T - 2T, + T ) + == (T -7T.)
at e N e
c,.v
- !2_2_2 (T - T )
24Ax £, f.
i+1 i-1

This n ordinary differential equations can be solved

simultaneously on a digital computer via a suitable algorithm.

The initial condition and boundary conditions in terms of

finite-difference scheme are:

T, = Tf(O,i) = £(3i) for 0£ié¢n+1 att=20
i
T, =T.(t,0) =T for t >0
f0 o finlet
Tf = Tf(t,n+1) = T, for t >0
n+1 outlet

Assuming the temperature profile is flat over the cross
section at the outlet, we have

T =T =T
foutlet fn+1 n



169

Then, the set of n ordinary differential equations can

be solved simultaneously.
2. Absorber Plate Energy Balance:

As previously mentioned, it is only necessary to consider
just one symmetrical segment of the absorber plate. There are as
_many such plates as there are tubes, the total number of which

15 Nt.

AN \
¥iotal/N N \
ota N
\ A=
) N\
B ‘ - 3
dx
e
0 x

For a section of thickness dx of the absorber plate,

rate of heat rate of heat in rate of heat out
accumulation by conduction by conduction
rate of solar \ rate of heat
+ g
energy absorptioe/ reradiation ;>
rate of heat rate of heat
-{ convection to - | loss through

glass cover bottom insulation
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(rate of heat transfer)
t

o tube fluid

Mathematically and rearrange,

oT 1 [ 2T L L
— kK —= + N Q_ - 0€ (T -7 )
gt fichp PP 2x2 p's P81 Paps 89,abs
-n_ (P =T )-TU(T =-T.)
1 81 d d
21R
- u_(T_ - Tf)]

where the subscript "p" refers to the absorber plate and

the subscript "31" refers to the glass cover adjacent to the

absorber plate.

Here

BP : thickness of absorber plate

];31) : fraction of total solar radiation absorbed by the
absorber plate

Qs : total solar radiation flux incidental on the collector
surface

o : Stefan-Boltzmann constant

epg1 s effective emissivity for radiation heat exchange
between the absorber plate and the adjacent glass
cover

Tpabs : absolute temperature of absorber plate in degrees

Kelvin or Rankine



T” :
°1,abs
R(13) .

Pg4
Ud :
(25) .
Uf :

W :
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absolute temperature of adjacent glass cover

convective heat transfer coefficient between the
absorber plate and the adjacent glass cover

overall heat transfer coefficient between the absorber
plate and the bottom insulation

overall heat transfer coefficient between the absorber
plate and the tube fluid

width of each symmetrical absorber plate segment

The effective emissivity, Eij' for radiative heat exchange

between surfaces i and j is given by

€. = L
ij (‘l/ei + 1/6j - 1)

emissivity of surfaces i and j, respectively.

Using the same finite-difference scheme as in the tube

energy balance, the above partial differential equation can be

transformed as follows:

For 1 £ 1

n,

ar
Py 1 k_ B
3t - pc B =52z -2+ T )+ NQ
G°pp Laox P34 i i=-1 N
-cc__ (7} -t )
P84 Pi abs 84, abs
-n (P -7 )-TUV. (T -T.)
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with the initial condition and boundary conditions,

Tp- = f2(1) at t = O
i
T =T for t 70
pn+1 Pn
T =T for t >0
Po P4

3. Glass Covers Emergy Balance:

An option is available for selecting the number of glass
covers, NG (14 NG £ 4 ), The higher the number of glass covers,
the higher the collector fluid temperature. For simplicity, only
one segment of the glass cover corresponding to the absorber

plate segment will be considered. Also all glass covers are

assumed to be identical in shape and properties.




rate of h

accumulat

Let

&

i

T :

gi,abs

(= H

€is
p(23

w

s,abs :
Tamb :
Lx :
subscript "
subscript "

subscript "
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3.1 Only One Glass Cover ( Ny = 1),
eat ) rate of solar rate of reradiation
ion i radiation + | from the absorber
absorbéd plate
rate of convective rate of reradiation
+{ heat transfer from| -{from the glass cover
the absorber plate to the sky
rate of convective
-\ heat loss to the
surroundings

fraction of total incoming solar radiation flux
absorbed by glass cover i

absolute temperature of glass cover i

effective emissivity for radiative heat exchange
between glass cover i and the sky

convective heat transfer coefficient of the wind
blowtng past, the top glass cover

absolute temperature of the sky

ambient temperature

mesh size (Q&x =L1/(n + 1))
g" refers to any glass cover
gi" refers to the i-th glas cover ( counting upwards )

s'" refers to the sky
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The summation signjg'is defined here as

. n
%fi=}é(fo+ £o4) ¢+ 1§=?1 T,

n+ 1

Mathematically and rearrange,

d‘T51 1 0/6931 = ok L
= Q_ + ———7 (T -7 )
dt f%chg [;21 e (n+1) 1 pi,abs g1,abs
Pog
1
WZ(T o, Tg1)
oy l
- -7
6681S(Tg1,abs S’abs)
- hw(Tg1 - Tamb)]

3.2 Two or More Glass Covers ( N, 22 ),

1),

]

For the bottom glass cover ( i

radiation absorbed |+ | from the absorber plate

(rate of heat) rate of solar ~,rate of reradiation
accumulation ‘>
r

by the glass cove to the glass cover

rate of convective rate of reradiation

+| heat transfer from) - { from this glass cover

the absorber plate to an adjacent cover

rate of convective
-|heat tramnsfer to )

an adjacent cover
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Mathematically and rearrange,

dTS JEPS L L
1 1 1
= A Q_ + E.(T - T )
dat (%chg 84 B zn+15 i pi,abs g1,abs
b
P84 L b
T

-h (T -T )]
€185 B¢ 85

Similarly for the top glass cover ( i = N, ),

i 1 [ b L
= AQ_ + CTE (T -7 )
dt ey L1 ;185 Bi_1,abs  Bi,abs
+ h (T -7 )
8181 859 B
- o€ s(Th T: abs)
i gi,abs 4
- hw(Tg. - Tamb)]
i
For any glass cover, if one exists, between the top and
bottom cover ( 2 £ i £ NG -1);
d‘l‘8
i 1 4 4
S .Q + 0/6 (T - T )
dt °c e [)i s 8i-18; Bi_1,abs  Bi,abs
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B385,1 & 8441

4. Bottom Insulation Energy Balance:

For simplicity, the effects of the edges and cormers are
assumed insignificant with respect to the estimation of overall

rate of heat loss through the bottom insulatione.

Let
T H average temperature of the absorber plate
P,avg
Ud H overall heat transfer coefficient between the absorber
1
plate and the insulation
Ud : overall heat transfer coefficient between the
2
ipsulation and the surroundings below it
Tamb : ambient temperature of the surroundings below the

insulation

the subscript "d" refers to the insulation.
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Q .
gain
e
T (t) S N\
| at— 4 oy
D> \~ \\\
. \ .
AN
—5 . 1 <_J
| - R RO
Pal . o |
!
\! //o
\V/
Qloss
(’rate of heat) rate of heat> (rate of heat)
accumulation (gain loss
Mathematically,
Ty 1 [
= o, (T -7.) -0, (T, -T )J
dt egchd d1 p,avg d d2 d amb

For a well-designed solar collector the most dominant
resistance to heat loss should always be the insulation because
it is put there primarily to hinder heat loss. Therefore, a good

approximation is

Ud1:: kd/Bd,eff kg thermal conductivity of the
and where insulation
Ud2 i~ kd/Bd,eff Bd,eff: effective thickness of the
insulation

It is reasonable to assume that the average insulation
temperature represents a temperature somewhere near the middle

thickness of the insulation. In this case,
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d,eff =
Summary:

The unsteady-state solar collector is modelled by a set

of (2(n-1)+ N, + 1) ordinary differential equations, where

G
n is the number of mesh points excluding end points, and NG is the

_number of glass cover ( between 1 and 4 ). A value of n arround 10

is recommended for use in simulation.

Heat Exchanger

The following mathematical description of a zero-
capacitance sensible heat exchanger is discﬁssed in detail by
Kays and London£11) There are five optional modes of operation:
1. parallel flow, 2, counter flow, 3. cross flow with hot-side
fluid unmixed but cold-side completely mixed, L, cross flow with
hot-side fluid completely mixed but cold-side unmixed, and
5. constant heat transfer effectiveness. For the first four modes,
a constant overall heat transfer coefficient is given together
with the hot- and cold-side inlet temperatures and flow rates.
From these the heat transfer effectiveness E is calculated,
depending om the particular mode of operation. Then, the hot- and

cold-side outlet temperatures and the rate of heat transfer across

the exchanger are computed as follows:
C

T =T, - E(CEE) (x, -7 )

ho i h i i



Q

min

=
Q

where

.o

Q
]
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min
‘E(c )(Th."Tc)*Tc
c 1 1 1
\
ECmin(Th. - Tc.'
i i

hot-side inlet and outlet fluid temperatures,

respectively

" cold-side inlet and outlet fluid temperatures,

respectively

heat transfer effectiveness

rate of heat transfer across the heat exchanger
capacity rate of cold-side fluid

capacity rate of hot-side fluid

minimum capacity rate

mass flow rate of cold-side fluid

mass flow rate of hot-side fluid

specific heat of cold-side fluid

specific heat of hot-side fluid



180

h* " h

HOT SIDE COLD SIDE

L ..

Mp : Th € i

FIGURE B.l1l.I HEAT EXCHANGER(COUNTER
FLOW)

Mode 1 : Parallel Flow

min
1 - e_UA(1 *C )/Cmin
- max
B Cmin
1+E-——'
max

where
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Mode 2 : Counter rlow

C_.
min
1 - exp % TA(1 - T )/Cmin}
max

C C min]

Cmin Cm'n
1 - ( >exp[— UA(1 - === )/C
max . max

Mode 3 : Cross rlow ( Hot-side Unmixed, Cold-side Mixed )

If C =C

where

If Cmin = Ch,

t=
"
~
Q
E\
(@]
B
(o
B
~~
~
-
|
2]
He
«]
:
~

where

-UA/Cmin
r=1-=¢e€

Mode 4 : Cross Flow ( Hot-side Mixed, Cold-side Unmixed )

It C =C_,
max C

C .
max’ min
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where
- UA/cmax
r=1-=¢
I£fCc . =0C_,
min c
- rCmin/cmax
E = (cmax/cmin) (1 - e )
where
- UA/Cmin
r=1-=e
Mode 5 : Constant Effectiveness

In contrast to the first four modes, the effectiveness of
the heat exchanger is simply specified and the concept of an

overall heat transfer coefficient is not used.

I£f Coin = Cpo

=c. (r,. =-T
. . C

max
i
Furthermore,
QT = EQmax
U
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Special Cases

iiode 2 :

c_.
1f len - 1.0/ < o.01,
max

UA/Cmin
UA

1 + T
min

EZ

Mode 1, 2, 3 and & :

C .
if C—"‘&—n £ 0.01
max

Data Reader

For speedy data reading, all data sets must conform to a
single format. The applicable format is specified by an array
| named FMT. No provision is available for reading in a "free'"
format. Furthermore, only one data reader may be used, but the

data set may contain as many numbers as desired.
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On/off Differential Controller with Hysteresis

This controller generates a control variable ‘50 with a
value of either O or 1. The value of ‘60 depends on the temperature
difference AT = T,‘ - TZ’ two reference temperature TA and TB

( TA < TB ) and Xi’ the previous value of 60, as follows:

CIf Ki= 1 andATéTA,
¥ = 1
o
If xi = 1 andAT(TA,
~(°=O
If B'i = 0 and AT é’l‘B,
¥ = 1
(e}
If ¥. = 0 and AT < T,
i B
¥ =0
o
fo
1 _ _(__{_.._..__/__ J—
1 Hi-‘\: l———-—e
: A
; i
| |
e !
0—‘L--——>——-—+————»——J ¥. = 0
i
| N = -
T ] AT'T1 Tz
T T
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It should be noted that the controller is not restricted

to sensing temperature and that hysteresis occurs only when Bi is

the oprevious value of FO. Furthermore, T2 can be set equal to O if

a temperature, instead of a temperature difference is of interest.

Flat-Plate Solar Collector ( Quasi-Steady-State Method )

A modified version of TRNSYS flat-plate collector model,

(2)

the model has instantaneous response to any input variation and is

(8),(9),(10)

based on the work of Hottel, Whillier, and Bliss.

The model expresses the rate of energy collection, Qu’ as

. AFR[HT(m - U (1, - )] - mC (T, - T;)

O
]

where

mC; F ULA
2 1-exp<——.———>
R AU
L mC

e
I\

Here

A : area of solar collector

FR : collector effiéiency factor

HT : total solar radiationm flux striking the tilted
collector surface

‘Cd( 8) : fraction of the total solar flux absorbed by the

collector plate

o

product of the transmittance of the N glass covers



and the collector plate absorptance for solar

radiation
(3 . -
UL : collector overall neat transfer coefficient
Ti : collector fluid inlet temperature
Ta : ambient temperature
n : mass flow rate of collector fluid
'CP :  heat capacity of collector fluid
'
F : collector geometry factor ( dimensionless )
1
F is a function of the collector construction and can be
determined in the manner given by Bliss(1o)or Duffie and Beckmans19)

WVhen there is no fluid flow through the collector ( when
the pump is off ), the collector fluid outlet temperature To is

taken to be the average collector plate temperature as follows:

Hy ()
TO =T = T + Ta
N L
where
TP : mean collector plate temperature

Mathematical Manipulator

There are two modes of mathematical manipulation. In mode
I, a single output is the result of a single mathematical
operation on the first one or two inputs. Mode I1 employs the
RPN ( Reverse Polish Notatiom ) to carry out a series of

mathematical manipulations and generate a set of one or more outputs.
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The Mode and the first mathematical manipulation is determined by

the value of the first operational parameter, P1.

Let

Np : number of operational parameters, vhich is total
number of parameters minus the first two
NI : number of inputs values
. Pj : value of the j-th operational parameter

Sk : value at the top of the operatiomal stack
x5 : value of the i-th input
Y : output value and result of mathematical operations

Mode I : P, # 0 and P, £ -1
If P1 =1, Y = X, * X,
If P, = 2, Y = x,/x,
If P1 = 3, Y =x,+ x,
If P, = L T=x,- %
1f P1 = 5, Y = X, =+ X,
If P, = 6, Y = log,, x,
IfP1=7, Y=-x1
If P, = 8, Y =x, if x, 2 0

=0 if X, < 0
1f P1 = 9, Y =1 if X, 2 X,
=0 if x, <X,

Boolean Functions ( X4y Xps Y=0 or 1)

1z P, = 10, Y=x ( NOT )



- — Al
1f P, = 11, Y = x1(; x, ( AND )
IfP1=12, Y=x1@::2 ( OR )

Mode II : P1 = 0 or P1 = =1

Mode II uses an operational stack of up to 30 values to
store the inputs as well as the results of previous mathematical
_manipulations. The operational parameters and inputs are used
sequéntially. As usual, the value of each operational parameter
specifies what mathematical manipulation to carry out. All
manipulations are performed on the stack top value if the
manipulation is unary, and on the stack top 2 values if the
manipulation is binary. After all operational parameters have been
processed, the stack top value must become the last output, stored
as the last element of the output array. If fhe index k of Sk is
not equal to 1 or not all of the inputs have been used, an error
message is printed to notify the user of improper mathematical
manipulations. If division by zero is attempted, the simulation is
terminated with an explanatory error message.
If P. = =1, the value of the next parameter is placed on top

J
of the stack as a comnstant ( j-= j+1, Sy = Pj ).

If Pj = 0, the value of the next input is placed on top of the
k i = i+1 = .
stack ( i = i+1, S, = X3 )
It Pj =1, the stack top 2 values are replaced by their product

CSyq = Sgq * 5 ).

£ P. = 2, the stack top 2 values are replaced by their
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division ( Syq = Sk-1/sk )e
if Pj = 3, the stack top 2 values are replaced by their sum
( Sk"1 = Sk—1 + Sk )o
If Pj = L4 the stack top 2 values are replaced by their
difference ( Sy1 = Spq - S, ).
If Pj = 5, the stack top 2 values are replaced by -
3
k
Seaq = Spq S = (S )
If Pj = 6, the stack top value is replaced by the logarithm
( S, = log,y Sy )e
If Pj = 7, the stack top value is negated ( Sk = - Sk ).
1f Pj = 8, the stack top value is left unchanged, unless it is
negative, in vhich case it is replaced by zero
( Sk = sk if Sk > 0 3 Sk = 0 if Sk £ 0).
Iif Pj = 9, the stack top 2 values are replaced by 1 if the

second value is greater than the top value;

+ : - - s > o
otherwise, by zero ( Sk_1 = 1 if Sk-1 > Sk ;

Sk = 0, otherwise ).

Boolean Functions ( Sk and/or Sk_1 = 0or 1)

If Pj = 10, the stack top value is replaced by its Boolean NOT
If Pj = 11, the stack top 2 values are replaced by their Boolean

AND ( 8, 4 = sk_1@ Sy ).

If P. = 12, the stack top 2 values are replaced by their Boolean

OR (S, _4=5,_,®58 ).



Additional Mathematical lManipulations :

If Pj = =2, put the current simulation time on top of the stack

It Pj = -3, the stack top value is set as the next output
( J = j+1, Yj = Sk )

if Pj = =L, like Pj = -3, but the stack top value is removed
(3 = 3+, Yj = 5., k = k-1 )

If Pj = =5, decrement the stack top pointer by 1 ( k = k-1 )

if Pj = -6, increment the stack top pointer by 1 (k = k+1 )

If P. = =10 - 1,

J

place the value of the i-th input on top of the

stack ( S. = x. where i 2 1)
k i

Wall(s) or Flat Roof

Sets of coefficients that define the thermal

characteristics of nearly 100 different types of walls are listed

(12)

in chapter 22 of ASHRAE Handbook of Fundamentals. Because

empirical equations have been built into this model, the specified

units must be used.

Let
Ai : total area of wall or surface i, including window area
(z°)
bn : transfer function coefficient based on a temperature
difference term at time n (Btu/hr ftz °F)
d : transfer function coefficient of heat flux term at



we

o0

o

.
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time n (-)

fraction of window area i that is shaded (-)

fraction of wall i that is window area (-)

radiation heat transfer coefficient (kJ/m2 hr °C)
heat transfer coefficient by radiation and convection
at the outer surface (kJ/m2 hr °C)

outside film heat transfer coefficient by convection
(xJ/n® ur °C)

total incoming solar radiation flux incident om wall
or surface i (kJ/m2 hr)

number of b coefficients needed (=)

pumber of dn coefficients needed (-)

number of glazings in each window (-)

conduction heat gains through walls and windows (kJ/br)
rate of solar heat gain (kJ/hr)

total rate of heat gain ( loss ) to the room (kJ/hr)
current heat flux entering ( or leaving ) the room
(kJ/m2 hr)

heat flux entering ( or leaving ) the room at time n

)

e (T p * Thall ) (K)
ambient temperature (°c)

sky absolute temperature (°k)

room temperature (°c)

solar air temperature of a surface at time n (°c)

wind speed (m/sec)
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>4 : solar absorptance of an exterior surface ( 0 £ &£ 1)
(=)

Gi : infrared emittance of surface i ( 0 = Gi = 1) (=)

a .  Stefan-3oltzmann constant ( ¢ = 2.041 x 1077
kJ/hr n° oKh )

T : effective transmittance of window ( O =T =1) (=)

The current heat flux into ( or out of ) a room, qg, can

be computed as follows:

. _ _ _ 2
q; = 550 bn (tsa,n trc) éE% dnq; (k3/m” br)

The solar air temperature, tsa’ is defined as " that
teﬁperature of the outdoor air which, in the absence of all
radiation exchanges, would give the same rate of heat entry into
the surface as would exist with the actual combination of incident
solar radiation, radiant energy exchange with the sky and other
outdoor surroundings, and convective heat exchaﬁge with the

outdoor air."”

oH
T €AR , o
tsa = Yamv * B, T E, e

where AR is " the difference between the longwave
radiation incident on the surface from the sky and surroundings,
and the radiation emitted by a black body at outdoor air
temperature. " ASHRAE Handbook suggests using AR = O for a

vertical surface. AR for a horizontal surface is calculated by

L

amb) (kJ/m2 nr °C)

L
AR = o’(TBky -7

Infrared radiation is accounted for by a radiation heat



transfer coefficient, hir'

= q -3 1 2 °
ir L GWT (xJ/m” hr C)
"he total heat transfer coefficient for convection and

radiation 1is :

2 o
ho =h,  + hir (kJ/m” hr C)

VFinally, the various heat transfer rates are given by :

Qwall,cond - Aqg

éwindow,cond = UFwA(tamb - trc)

ésm =F (1 -F) TAE,,

c.2c = éwall,cond * éwindow,cond
éT = éc * ésnc

where U = overall heat transfer coefficient of window
2 L)
(0= 21.7, 12.3 and 8.2 (kJ/m  hr oC) for window with 1, 2 and 3
glazings, respectively ). It should be emphasized that the correct

number of inputs and parameters must be supplied for each mode.

Pitched Roof and Attic

Because of inevitable geometric assumptions about the roof
and attic, all transfer function coefficients required for this
model are stored for immediate access by simply specifying the
thickness of ceiling insulation. FIGURE B.12.1 shows the assumed

roof configuration and the four optional ceiling constructions.
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Because empirical equations have been built into this model, only

the units specified for each variable in the nomenclature may be

used.

WES T ROOF
NORTH ROOF

SOUTH ROOF

EAST ROOF

FIGURE B.12.] (a) ROOF CONFIGURATION

ATTIC [3/4' plywood

/ 3™atr space

2= AN\ 6"air space 9" air
insulation 9'///A . it

P insulation /6 / —
P / / |njul01 lon/ 3/" ianuloﬁon

2" x 12" joist \3/4'ploster
ROOM

FIGURE B.12.1 (b) VARIOUS TYPES OF CEILING

CROSS SECTION
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amb sa, =ff
tsa,e fsﬂ,ﬂ
Ci,k Ce§>
Ce Cn
sa,s ,/1 tsa,vtj
' Cs tuttic C' tattic
Cutti& Cotti&
‘ceil\nq tceiling
air space
=\ - A
/ /m ulation /
e / / Z Z

FIGUREB.12.2 EFFECTIVE

NETWORKS

SOLAR-AIR



Fi,sky

Fi,grd

Nroof

Let

X}
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total ceiling area (mz)

area of roof surface i (m2)

transfer function coefficient based on a temperature

difference term at time n (Btu/hr ft2 °F)

effective conductance from temperature t to
sa,eff

t_ ... (k3/wr °C)

attic

heat conductance from roof surface i to tattic
(xJ/br °C)

effective heat conductance of infiltratiomn air

(kJ/nr °C)

specific heat of air (kJ/kg °c)

transfer function coefficient for heat flux term at
time n (=)

view factof from roof surface i to sky (-)

view factor from roof surface i to ground and
surroundings (-)

inside heat transfer coefficient by convection for
surface at slope s (kJ/m2 nr °C)

heat transfer coefficient by radiation and convection
at the outer surface (kJ/m2 nr °C)

solar radiation flux incident on roof surface i
(kJ/m° hr)

parameter indicating whether a solar collector is

attached to the roof ( N = 1 ) or not
roof



ins

AR

amb

amb

sa,i
Tsky
Tgrd

sa,eff

¥

X
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( Nroof =-1) (—j

parameter svecifying the thickness of the insulation
in Figure B.12.1 (b)

( N. o~ 1, 2, 3, 4 for 3", 6", 9" and 12" ceiling
insulation, respectively ) (-)

infrared radiatior difference between surface, and sky
and surrounding (kJ/hr m2)

current heat flux entering ( or leaving ) a room
(k3/n° Br)

heat flux entering ( or leaving ) a room at time n
(kJ/m° hr)

total rate of heat gain ( or loss ) through the
ceiling (kJ/kr)

slope of roof surface i from horizontal (o)

ambient absolute temperature

ambient temperature (°c)

outlet fluid temperature from solar cbllector, if
one exists (°C)

solar-air temperature of surface i (°c)

sky absolute temperature (°Kk)

absolute temperature of ground and surroundings (°x)
effective solar air temperature of roof surfaces and
infiltration air (°C)

rate of outside air infiltration of attic (ms/hr)

wind speed (m/sec)
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F : fraction of south roof that is solar collector area

c
(<)
of : soiar absorptance of exterior roof surface ( 0 £ X& 15
5 : infrared emmitance of surface i ( O £ Ei £ 1)
g .  Stefan-Boltzmann constant ( @ = 2.041 x 1077
x3/me br %)

density of outside air (kg/mB)

-0

The following description is based on that of TRNSYSE2 )

An effective solar-air temperature, t , is calculated as a
sa,eff
function of the solar-air temperatures of the various roof
surfaces and the air infiltration rate. Then t : is used as
sagseff

the driving force in the heat flux equation.

C t +C t + C_t +C t + C_t
5 S2,5 e Ba,e n sa,n W S3a.W I ‘amb (°C)

tsa,eff = Ceff

where the effective conductance, Ceff’ is defined as

o
Ceff = Cs + Ce + Cn + Cw + CI (kJ/hr C)
: )
c; = Ve, (kJ/hr C)
The solar-air temperature, tsa 39 of surface i is computed from
’ ’
dHTi ARi
tsa,i = tamb * T M
o o
where
4 I i ]
'ARi = €id[Fi,sky(Tsky - Tamb) * Fi,grd(Tgrd - Tamb)

and A'Reast = ARwest _.O
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The view factors from surface i are, respectively:

Fi,sky

%(1 - COS(Si))

F. %(1 - cos(S.))
i,grd 1
The inside film heat transfer coefficient is a function of

the slope of the surface. According to ASHRAE HandbookSqZ)

o

2
hi'9oo = 29.84% (kJ/m” hr C)
2 o
by 15O = 32,70 (kJ/m° hr °C)
by g0 = 33.32 (xJ/m° hr °C)

The current heat flux into ( or out of ) the room through

the ceiliﬂg, qg, is given by

:E% 2
"= - - "
9% 7 a= bn(tsa,eff,n trc) E%% dnqn (kJ/m~ hr)

where bn and dn are transfer function coefficients. Finally the
total rate of heat gain through the ceiling is

Q, = Acqg (xJ/hr)

Room and Basement

The ﬁodel takes the energy balance of a room and basement
using an ordinary differential equation. Heat flow through the
basement ( or slab floor ), infiltration heat losses, and internal
heat generation from room occupants, lights, appliances, etc. are
accounted for in this model. Heat flows into ( or out of ) the
room through the walls, the ceiling and other mechanisms, such as
peat loss from the storage tank, can easily be introduced as

externzl heat loads.
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The time.distribution of room heat gains has been built
into this model according to the 1972 ASHRAE Handbook of
Fundamentals(}z) using the transfer function method. It also
states that, in most cases, a slight fractiom of the heat input
is lost to the surroundings without contributing the heating or
cooling load. This fraction is generally a function of the thermal
conductance beiween the room air and the surroundings. If desired,
this effect may be introduced into the model through parameter

IFC. However, this effect is deactivated by setting IFC = O.

For convenience, the model also incorporates a heat
exchange with constant heat transfer effectiveness, to provide
space heating and cooling. The exchange can be disabled by simply

setting its mass flow rate to be zero.

As in the last two models, only the units specified by

the nomenclature for each variable or parameter may be used.

Let

AREA : floor area of room (mz)

CAPAC : thermal capacitance of room (x3/°C)

Cmin : smaller thermal capacitance of the two flow streams
entering the load heat exchanger (kJ/hr °c)

Sy : specific heat of fluid entering load heat exchanger.
(kJ/xg °C)

DEPTH : height of basemert walls, if there is a basement (m)

constant heat tramnsfer effectiveness of load heat

£
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exchanger (=)

fraction of heat gain that actually contribute to
space heating or cooling load (=)

a parameter indicating whether the room has a basement
(=) ( IBASE = 1 if a basement exists; O if no
basement and no heat loss through floor; -1 if no
basement but with heat loss through slab floor )

mass flow rate entering load heat exchanger (kg/hr)
total no. of input variables (-)

length of exposed room perimeter (m)

number of room occupants (-)

rate of heat transfer into the room through the floor
(kJ/hr)

rate of heat transfer into basement through basement
floor (kJ/hr)

rate of heat transfer into basement through basement
walls (kJ/hr)

net rate of heat gain into the room (kJ/hr)

rate of heat generation by lights and electrical
appliances (kJ/hr)

rate of heat transfer into the room by air
infiltration (kJ/hr)

instantaneous heating or cooling load (kJ/hr)

rate of heat transfer into the room through load heat

exchanger (kJ/hr)
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RATLE : number of air changes ver hour because of infiltration
and ventilatiom (1/hr)

room temperature (°c)

room
Tin : temperature of fluid entering load heat exchanger (°c)
Tout : temperature of fluid leaving load heat exchanger (OC)
T : ambient air temperature (°c)
amb
: Tgrd : ground water temperature around the house (OC)
TA : overall heat loss coefficient of room (kJ/hr °c)
VOL : volume of room (mB)
vy : room transfer function coefficient (=)
v : room transfer function coefficient (=)
The following model description is based on TRNSYS( 2)
Qnprl = (RATE) (vOL) (1.2185) (Tamb - Troom)
Qignt = %en * (Qignt’input
Qpepl = (237) (PEPL) + (Qpepl)input
where 1.2185 (kJ/kg %c) is the specific heat of air;
Qlight is the total rate of heat gain from light sources and

electric appliances; (Qlight)input is the time-dependent rate

of heat gain from light sources introduced as an input; Qpepl is
the total rate of heat gain from room occupants; 237

(kJ/hr person) is approximately 225 (Btu/hr persomn), the value

suggested by ASHRAE(12); and (Q ) is the time-dependent

pepl input

rate of heat input by occupants introduced as an input. The

loads due'to solar heat gain, QSHG’ and conduction heat gain
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through walls, Qcond’ are also introduced as inputs to the model.
If an input lgad, say (Qpepl)input’ is inapplicable, simply set

it equal to zero during the simulation.

The loads due to solar heat gain, conduction, light
sources, and room occupants are time-dependent by the same transfer
function that computes the current heat load as a function of

'previous heat loads, current heat gain and previous heat gains.

ét_3v' 2
0,3 1=6 ivi,j i=1 i°i,J

where Qz,j is heat load at i previous time steps; Qi,j is the rate
of heat gain at i previous time steps; vi and wi are coefficients
specified by the comstruction weight parameter; and, j = SHG for
solar heat gain, j = cond for conduction heat gainm, etc.. The
values of A and ws will automatically be modified.by

multiplication with Fc_when IFC = 1. Here

F
c

£(Ky)
where

K

7 (UA)/(PERIN)

See Chapter 22 of 1972 ASERAE Handbook of Fundamentals(qz)

for

further detail on the calculation of Fc.

Obviously, the current total time-distributed heat load is
the sum of the four current time-distributed heat loads

L.
(;5% Q  .). Other instantaneous heat loads, such as latent heat
J= O, ) ‘
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effects, are introduced into the model as inputs. Furthermore,

ébase = 0 if IDASE = O. If IBASE = 1,
C.Qbase = Cibswl * ébsfr
vwhere
C.'zbs‘"’l = (PERIM) (DEPTH) (1.136) (0-5(Tgrd * Tamb) - Troom
. ébsfr = (AREA) (1.136) (Tgrd - Troom

If IBASE = -1,

= (PERIM) (2.1633) (T,

Qbase mb Troom

The heat transfer rate through load heat exchanger is

O if M. =0
in

Qtran

(Cmin) (EFF) (Tin - Troom) if Mo > 0

Qtran
T =T. -
out in

(M, ) (o))

Obviously, the current total instantaneous and time-distributed
load, Qload’ is the sum of all the appropriate heat loads
mentioned above. Then, the net rate of heat gain into the room is

Qexs = Qload * Qtran

Finally, an energy balance on the room gives
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d : .
room
1T = Qexs/(CAPAC)

The above differential equation can be solved
simultaneously with other system equations to simulate the

behavior of the room temperature.



APPENDIX C

PARAHETER ESTIMATION

This apvendix shows how some of the more important

parameters are estimated.

Unit No. 5 ( Case 1 ):

Since U = %
where k = 0.179% kJ/hr m °C
L = 26.0 cm
Therefore,
T - %f%%ﬁi = 0.69 kJ/br m> °C
and UA1 = 0.69 x (2+4)
= L4.14 kJ/nr °c
Similarly,
UA, = 0.69 x &
= 2.76 xJ/nr °%C
and UA3 is equal to UA1.
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Unit lo. 16 ( Case 1 ):

UBP can be calculated from

UBE = Ub + Ue

k
ez =

Ub - I
0

- 3.58 kJ/hr ne °C
ed eAed e
T _ 24 28

o]

Acollector

0.1794 x (10+10+4+4) x 0.095
- 0.05 x 80

- 0.12 kJ/hr n® °c

Therefore, UBE = 3.58 + 0.12

= 3.70 kJ/hr m2 °c

Unit No. 17: .

CAPAC is estimated by

1

CAPAC Cfurniture

From Chapman,(20),

Ci = viecp

c . =(V
furniture ( € cp)furniture

5% of room

15.95 o

<
I}



- ¢ ¢ 3
(;ak = 608.68 kg/m
° = 2.3865 kJ/kg/°C
Courniture = 15.95 x 608.68 x 2.3365
= 23169.2 x3/°C
Therefore, CAPAC ¥ 23000 kJ/°C

UA is estimated by

4
B (UA)furniture * (UA)windows * (UA)walls * (UA)ceiling
* (UA)floor
Ut - + R, + ; + + R
&\1 "2 l3 ® e o
=1
T _ 4 . 1
furniture h o - + h
r,f-ceiling W r,c-s
2 2
. (T : + T (T, + T.)
r,f-ceiling 1
(furniture to celllng/(e )+< )— 1
. -8 ,2 o0,k
d = Stefan-Boltzmann constant = 5.6697 x 10 v/m- K
Tf = furniture temperature = 23.2 °%¢c or 296.36 .
T, = ceiling temperature = 296.36 °k
€. = emittance of furmiture = € = 0.04628
f wood
€ = emittance of ceiling = 0.92
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Therefore,

h _ 5.6697x1o'8 (296.36)%+(296.36)° 296.36+296.36
r,f-ceiling ~ 1 1 1
0.0L628 * 0.92 ~
- 0.272 u/m° %
Similarly,
hr,c—s T 5.43 W/m2 °k

(ceiling to surroundings)

hw = 5.7 ‘.‘a’/m2 %% for no wind

. A 1 L
furniture ~\0.272 ' 5.7+5.543%

- 0.266 u/m° °C
3

n

15.95 m

Vfurniture

If the average furniture thickness is 2 inches, then

2
~
Afurniture = 314 m
Therefore, (UA) o ... . = 0.266 x 3.6 x 314 kJ/hr °C
~ 300 kJ/hr °C
Similarly, we have
(UAD . soue 2 700 xJ/hr °C
(UA)ceiling ¢ 1770 kJ/hr °C
(UA) 114 Y 235 kJ/hr °C
(UA) 41 oor 2 600 kJ/bhr °C

UA = 300 + 700 + 1770 + 335 + 600 = 3700 kJ/hr -°C
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Functions (PEPL, OLIGHT and HVATER

Function QPEPL is constructed to describe the

activities of
go to work in
The other two
the body heat

a function of

the four occupants in the house. Two of them
the morning and return home in the evening.
stay home most of the time. FIGURE C.1 shows
generated by the occupants diurnally as

time., It is normalized so that the total heat

is equal to unity. To obtain the amount of heat generation

within any interval of time, we multiply the corresponding

area under the curve of FIGURE C.1 by 18436 kJ, the

average total heat generation by occupants within a daye.

Like QPEPL, function QLIGHT represents the diurnal

heat loads generated by the lights and electric appliances

listed in TABLE C.1. The heat loads are estimated from

the average hours and number of occupants in the house

within each daj. FIGURE C.2 shows the normalized diurnal

eledtfical heat loads as a function of .time. As above,

we multiply the value read from FIGURE C.2 by 29673 kJ

( the average

total heat generation by lights and electric

appliances within a day ) to obtain the instantaneous

electrical heat load.
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APPLIANCES

NORMALIZED HEAT GENERATES BY ELECTRIC
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TABLE C.1

List of Electric Appliances in the House

Name of Electric Appliances lRating
i ;(Vatt)
'4. Radio/recorder stereo 109
2. Color television 20" 79 ;
3. Refrigerator automatic deforst 5 cu. ft.| 200 |
' 4. Rice cooker ( 2 liters ) _ 600 i
%5. Iron 750 |
6. Fluorescent lamp 10 units each 20 i
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(3H)

Similarly, function HWATER predicts the diurnal
hot water demands. The total daily demand is 1059.8 kg or
approximately 1.06 w’. FIGURE C.3 shows the normalized

diurpnal domestic hot water demand.
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